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[57] ABSTRACT

An image recording apparatus comprising a plurality of
multi-nozzle heads for forming an image according to
input image forming signals, a memory means for stor-
ing data corresponding to image forming characteristics
of each of the multi-nozzle heads, and a corrector means
for correcting the image forming signals based on the
data stored in the memory means.

13 Claims, 18 Drawing Sheets
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1

RECORDING DEVICE FOR RECORDING A
HALF-TONE IMAGE USING A PLURALITY OF
RECORDING ELEMENTS FOR THE SAME

COLOR

This application is a division of application Ser. No.
07/271,299 filed Nov. 18§, 1988 U.S. Pat. No. 5,038,208.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image recording
apparatus, and more particularly to a color image re-
cording apparatus for forming a color image by using
multi-nozzle heads.

2. Related Background Art

Conventionally, in a digital color copying machine
using a plurality of multi-nozzle heads, data as to each
of three primary colors, i.e. red, green and blue, are read
out and then the read-out image data are converted into
digital signals, whereupon the data of the digital signals
are processed to form an image by using the multi-noz-
zle heads.

However, this multi-head color copying machine was
sometimes encountered with non-uniform density of the
output image due to the widely variable characteristics
such as of the manufacturing process of the heads and-
/or of component materials of the heads.

SUMMARY OF THE INVENTION

It is therefore a primary object of the present inven-
tion to provide an image recording apparatus with
which it is possible to minimize non-uniform density of
an output image. | |

Another object of the invention is to provide an
n:nage recording apparatus with which it is p0551ble to
minimize any undesired effect to an output image by
widely vanable characteristics such as of the manufac-
turing process of a multiplicity of heads and/or of com-
ponent materials of the heads.

A further object of the invention is to provide an
tmage recording apparatus with which it is possible to
restrict non-uniformity of density of an output image,
irrespective of the manner of using a multiplicity of
heads.

A still further object of the invention is to provide a
full-color image recording apparatus with which it is
possible to reduce non-uniformity of density of an out-
put image.

According to the present invention, there is provided
an image recording apparatus compnsmg a plurality of
multi-nozzle heads for forming an image according to
input image forming signals, a memory means for stor-
ing data corresponding to image forming characteristics
of each of the multi-nozzle heads, and a corrector means
for correcting the image forming signals based on the
data stored in the memory means.

Many other advantages, features and additional ob-
jects of the present invention will become manifest to
those versed in the art upon making reference to the
detailed description and the accompanying sheets of

drawings in which certain embodiments incorporating

the principle of the present invention are shown by way
of illustrative example.
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2

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a perspective view of a digital color copying
machine incorporating an image recording apparatus
embodylng the present invention;

FIG. 2 is a side elevational view, with parts broken
away, of the copying machine of FIG. 1;

- FIG. 3 is a perspective detail view of a scanning
carriage and its related parts;

FIG. 4 is a detail plan view of an interior mechanism
of a scanner;

FIG. § 1s a detail plan view of an original support
pane, illustrating the manner in which the original is to
be read out for the book mode and the sheet mode.

FIG. 6 is a perspective detail view of the scanner,
showing the scanner to which a projector as a project-
ing and exposing means, and a detector mirror are at-
tached;

FIG. 7 i1s a detail view of a film projecting system;

FIG. 8 illustrates a typical relation between a film and
a projected image formed on the original support pane;

FIG. 9 is a block diagram of the color copying ma-
chine;

FIG. 10 illustrates an image timing between circuit
blocks;

FIG 11 1s a block dlagram of a color image process-
ing apparatus;

FIG. 12 is a timing chart between smoothing and
edge emphasm processing;

FIG. 13 is a detail circuit diagram of a maskmg unit;

FI1G. 14 15 a timing chart of individual portions of the
masking unit of FIG. 13;

FIG. 15 is a detail circuit diagram of black extraction
unit;

FIG. 16 is a detail circuit diagram of a UCR unit;

FI1G. 17 is a detail circuit diagram of a smoothing
unit;

FIG. 18 is a detail circuit diagram of a dither process-
ing unit;

FIG. 19 is a detail circuit diagram of a head correc-
tion unit;

FIG. 20 is a detail circuit diagram of a modified head
correction unit;

FI1G. 21 is a detail circuit diagram of another modi-
fied head correction unit;

FIG. 22 illustrates a correction table to be written in
a correction RAM of FIG. 21; and

FIG. 23 1s a detail circuit diagram of still another
modified head correction unit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The principle of the present invention is particularly
useful when embodied in an image recording apparatus
incorporated in a digital color copying machine such as
shown in FIGS. 1 and 2.

As shown in FIG. 1, the upper part of the copying

machine is chiefly composed two stations: a color image

scanner (hereinafter called “scanner’) 1 for reading out
an image of an original and for outputting digital color
image data, and a controller 2 for performing various
image-processes of digital color image data stored in the
scanner 1 and also for performing other processes such
as interfacing with an external apparatus.

The scanner 1 also has built-in mechanism for reading
out an original in a solid or sheet form placed under an
original holder 11 with its front side down. The read-
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out mechanism also reads out a large-sized sheet origi-
nal.

Designated by 10 is an operation unit connected to

the controller station 1 for inputting to the controller 1 -

various information required for image-copying. The
controller 2 sends to the scanner 1 and a printer 3 (de-
scribed below) instructions regarding respective opera-
tion according to the input information. Further, if it is

necessary to process the input information with sophis-

ticated editings, a digitizer, for example, may be substi-
tuted for the original holder 11 and connected to the
controller 1.

The lower part of the copying machine is the printer
3 for recording on a recording paper a color digital

image signal outputted from the controller station 2. In
the illustrated embodiment, the printer 3 is a full-color
ink-jet printer using a so-called ink-jet-type recording

head, which is disclosed 1n Japanese Patent Laid-Open-

No. 54-59936 Gazette.

The above-controller and prmter may be separated
from each other, whereupon the separated controller
and printer are connected with each other by using a
connecting cable.

Printer Unit

The general mode of operation of the copying ma-
chine will now be described with reference to FIG. 2.

First of all, an image on the original placed on an

original support pane 17, an image projected by a pro-
jector, or an image on a sheet original carried by a sheet
feed mechanism 12 is read out by an exposure lamp 14,
a lens 15 and an image sensor 16 (charge-coupled de-
vice, i.e., CCD in the illustrated embodiment) capable
of reading out a line image in full color. Then the read-
out image information is processed by the scanner 1 and
the controller 2 with various image processings, where-

upon the resulting image is recorded on a recording

paper by the printer 3.
The recording paper is supplied from a stack of regu-
lar-size sheets (A4 size and A3 size in the illustrated

embodiment) contained in a sheet cassette 20 or is

drawn from a roll of paper 29 for large-size recording
(A2 size and A1 size in the illustrated embodiment).

Designated by 22 in FIG. 1 is a hand insertion port 22
through which recording paper sheets may be manually
inserted one at a time along a cover 21.

A pick-up roller 24 is disposed at one end of the sheet
cassette 20 for paying out recording paper sheets one at
a time, and the individual paid-out recording paper
sheet is then fed to a first dehvcry roller 26 by feed
rollers 25, 28.

The roll paper 29 is paid out by a feed roller 30 and is
severed a predetermined length by a cutter 31,

4

is energized to feed the recording paper to a second
delivery roller 27.

Further, the recording paper is slackened to a prede-
termined amount to provide a buffer between the first
and second delivery rollers 26, 27 so that the recording

‘paper can be fed accurately between the second deliv-

- ery roller 27 and a feed roller 28. Designated by 33 is a

sensor for detecting the amount of a buffer. By normally

 forming a buffer during the feeding of the recording
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paper, it is possible to reduce the amount of a load ex-
erted on the feed roller 28 and the second delivery

 roller 27 especially if the recording paper is large-sized,
thus enabling accurate feeding of the recording paper.

In making a print by recording heads 37, a scanning

2 carriage 34 to which the recording heads 37 are

mounted is moved forwardly and backwardly on and
along a carriage rail 36 as driven by a scanning motor
35, thus making forward and backward scanning. In the
forward scanning an image is printed on the recording

- paper, and in the backward scanning the recording

paper is fed to a predetermined extent by the feed roller
28. During that time, the non-illustrated paper-feed
motor serves to control the above-discussed drive sys-
tem as the sensor 33 detects the amount of a buffer so as
to normally keep the latter constant.

The printed recording paper is discharged onto a

.- discharge tray 23; thus a cycle of printing operation has

been completed
The scanning carnage 34 and its associated parts will

now be described in detail with reference to FIG. 3.
In FIG. 3, designated by 40 is a p_aper-fced motor for

~ driving the second delivery roller 27 via a clutch 43 and

35

the feed roller 28 and a clutch 43 to mtcrmlttcntly feed
the rccordmg paper.
The scannmg motor 35 1s a drive source for drwmg

~ the scanning carriage 34 via a belt 42 to scan in the

directions of arrows A, B. In the illustrated embodi-
ment, a pulse motor is used for each of the paper-feed
motor 40 and the scanning motor 35 in order to control
the feeding of the recording paper accurately.

When the recording paper arrives at the second deliv-

ery roller 27, both the clutch 43 and the paper-feed

- motor 40 are cncrgucd to feed the recordmg paper on a

45

platen 39.
The recording paper is dctected by a sensor 44

~ mounted on a platen 39; such data or information from

and the

severed length of paper is then fed to the first delivery

roller 26.

The pick-up roller 24, the feed rollers 28, 25, the feed.

roller 30, the first delivery roller 26 and a hand insertion
roller 32 are driven by a non-illustrated paper-feed
motor (a DC servomotor is used in the illustrated em-
bodiment); energization and deenergization of each of
these rollers are controlled by an electromagnetic
clutch associated with the re:s.pectwe roller.

hh

60

this sensor 44 is utilized for e.g. positioning the record-
ing paper correctly and preventing the rccordmg paper
from getting jammed.

When the recording paper arrives then at the feed
roller 28, both the clutch 43 and the paper-feed motor
40 are deenergized and, at the same time, a suction is
made from the inside of the platen 39 by a non-illus-
trated suction motor to bring the recording paper in

contact with the cucumf:rcntlal surface of the platen
39.

- Prior to the image recording operation, the scanning

carriage 34 is moved to a home-position sensor 41. Then
the scanning carriage 34 makes a forward scanning in

~ the direction of arrow A, during which time cyan, ma-

As the printing operation 1$ initiated upon receipt of

instructions from the controller 2, a recording paper
supplied from a selected one of the above-mentioned
paper-feed paths is conveyed to the first delivery roller
26. In order to eliminate a slant or skew of the recording
paper, a predetermined amount of loop of the recording
paper is formed, whereupon the first delivery roller 26

65

genta, yellow and black inks are ejected from the speci-
fied positions of the recording heads 37. Upon comple-

- tion of image recording of a predetermined length, the

scanning carriage 34 is stopped and then makes a back-
ward scanning in the direction of arrow B until the
carriage 34 returns to the home-position sensor 41. Dur-

- ing the backward scanning, the recording paper is fed in



S
the direction of an arrow C by the printed length as the
feed roller 28 is driven by the paper-feed motor 40.

In the illustrated embodiment, the recording head 37
comprises four ink-jet nozzle assemblies each assembly
being composed 256 nozzles; ink drops are ejected by
the pressure of bubbles created by heat.

As the scanning carriage 34 is stopped at its home
position detected by the home-position sensor 41, the
recording head 37 recovers its initial state. This is neces-
sary to accomplish an uniform and reliable recording
operation; specifically, in order to prevent non-uniform
recording at the start of ink-ejection due to e.g. the
varying viscosity of ink left in the nozzles of the record-
ing heads 37, the recording head 37 is pressurized to
make an empty-ejection to thereby clear any residual
ink 1n the nozzles under programmed conditions that
various critical data and functions such as paper-feed
time, interior temperature and ejection time are preset.

The foregoing procedures are repeated until the en-
tire image of the original are recorded on the recording
paper.

Second Unit

The mode of operation of the scanner 1 will now be
described in detail with reference to FIGS. 4 and &.

FI1G. 4 shows the interior mechanism of the scanner
1. A charge-coupled device (CCD) unit 18 comprises a
CCD 16 and a lens 15 and 1s movable on and along a rail
84, as driven by a main drive system of main scanning
direction, to read out an image of the original on the
original support pane 17 in the main scanning direction.
The main drive system includes a main scanning motor
50 fixedly mounted on the rail 54, a pair of pulleys §1, 52
and a wire 53 wound around the pulleys 51, 52 and
connected to the CCD unit 18. A shielding plate §5 and
a home-position sensor 56 jointly serve to control the
positioning of the CCD unit 18 as the latter is moved to
the home position of the main scanning disposed at a
correction area 68.

The rail 54 1s supported on a pair of parallel auxiliary
rails 65, 69 extending perpendicularly to the rail 84, and
is movable in the sub-scanning direction as driven by an
auxiliary drive system including a sub-scanning motor
60, two pairs of pulleys 67, 76 and 68, 71, a pair of
parallel shafts 72, 73 and a pair of wires 66, 70 wound
one around each pair of pulleys 67, 76 and 68, 71. A
shielding plate §7 and a pair of home-position sensors
58, 59 jointly serve to control the positioning of the rail
54 as the latter is moved to the home position of the
sub-scanning either in a book mode in which the origi-
nal to be read out is a book p]aced on the original sup-
port pane 17 or in a sheet mode 1n whlch the original to
be read out is a sheet.

A sheet-feed motor 61, a pair of sheet-feed rollers 74,
75, a pair of pulleys 62, 64 and a wire 63 jointly serve as
a sheet-feed mechanism to feed the original in the form
of a sheet. This sheet-feed mechanism is disposed on the
original support pane 17 for intermittently feeding the
sheet original, placed on the original support pane 17
with its front side (image side) down, by predetermined
degrees. |

FIG. § illustrates the manner in which the original is
read out in each of the book mode and the sheet mode.

In the book mode, the CCD unit 18 is moved to a
book mode home position (book mode HP) disposed in
the correction area 68 of FIG. 5, from which position
the CCD unit 18 starts to read out the entire image of
the original placed on the original support pane 17.
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Prior to the scanning of the original, in the correction
area 68, necessary data for processing shading correc-
tion; black level correction, color correction, etc. are
set, whereupon scanning is initiated in the main scan-
ning direction, i.e. in the direction of arrows by the
main scanning motor 50. When the reading out of the
area has been completed, the main scanning motor
50 is rotated reversely and, at the same time, the sub-
scanning motor 60 is energized to rotate so as to move
the CCD unit 18 in the sub-scanning direction to the
area @ of the correction area 68. Subsequently, the
scanning of the area (2 ), like the main scanning of the
area (1), is made after having made various processings
such as shading correction, black level correction and
color correction, according to need.

The foregoing scanning is repeated to read out all of
the areas , and after the reading of the area
has been completed, the CCD unit 18 is returned to the
book mode home position.

Practically, in reading out the original of A2 size at
maximum, it is necessary to make many more number of
scans; however, in the illustrated embodiment, the orig-
inal is read out by only seven scans for clarity.

In the sheet mode, the CCD unit 18 1s moved to a
sheet mode home position (sheet mode HP) of FIG. §,
the area (8) is repeatedly read out, as the sheet onginal
is intermittently moved by the sheet-feed motor 61,
until the entire surface of the sheet original has been
read out.

Prior to the scanning of the original, various process-
ings, such as shading correction, black level correction
and color correction, are made, whereupon the scan-
ning in the main scanning direction is made in the direc-
tion of arrows. Upon completion of forward scanning
or reading of the area 8, the main scanning motor §0 1s
rotated reversely, and during the backward scanning,
the sheet-feed motor 61 is energized to rotate so as to
move the sheet original by a predetermined length in
the sub-scanning direction. The same scanning 1s re-
peated until the entire surface of the sheet original is
read out.

Assuming that the foregoing reading is illustrated in
equimultiple scale, the area read out by the CCD unit 18
is actually large as shown in FIG. 5. This is because the
digital color copying machine of the illustrated embodi-
ment has a built-in means for magnifying and reducing

functions. In other words, since the region which can be

recorded by the recording head 37 1s fixed to 256 bits at
a time, the image information of the region of 512 bits
(twice 256 bits) at minimum is necessary if reduction by
50% is to be made, for example. Therefore, the scanner
1 has a built-in means for reading out the image informa-
tion of any image region by a single main scan and for
outputting such read-out information.

Film Projecting System

The scanner 1 of the illustrated embodiment may be
provided with a projecting and exposing means for
projection of a film.

FIG. 6 illustrates the scanner 1 having prowded with
the projecting and exposing means, which includes a
projector unit 81 and a reflector mirror 80.

The projector unit 81 comprises a projector for pro-
jecting a negative and a positive film held by a film
holder 82 and mounted in the projector unit 81. The
image projected from the projector unit 81 is reflected
by the reflector mirror 80 and reaches a Fresnel lens 83.
The Fresnel lens 83 converts this image into parallel
light to form an image on the original support pane 17.
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Thus since the negative or positive film image is
formed on the original support pane 17 by the projector
unit 81, the reflector mirror 80 and the Fresnel lens 83,
the formed image can be read out by the CCD unit 18,
like the reading of the reflected original image.

This film projecting system will now be described
more in detail with reference to FIG. 7.

The projector unit 81 is composed of a halogen lamp

90, a reflector 89, a condenser lens 91, the film holder 82
and a projector lens 92. Both straight light emitted from
the halogen lamp 90 and light reflected by the reflector
89 are focused by the condenser lens 91 to reach an
aperture in the film holder 82. The aperture of the film
holder 82 is slightly larger than a single frame of the

negative or positive film so that the film frame can be

mounted in the projector unit 81 with sufficent allow-
ance.

As the projected light reaches the aperture of the film
holder 82 and passes through the film held by the film
holder 82, a projected image of the film is obtained. This
projected image is magnified optically by the projector
lens 92 and is then oriented by the reflector mirror 80,
whcrcupon the resulting image is converted into an
image of parallel light by the Fresnel lens 83. |

This image of parallel hght is read out in the above-
discussed book mode and is then converted into video
signals.

FI1G. 8 illustrates a typical relation between the film
and the projected image formed on the original support
pane 17; the film image of 22X 34 mm is projected on
the original support pane 17 as magnified by eight times.

All function Blocks
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Various function blocks of the digital color copying

machine of the illustrated embodiment will now be
described with reference to FIG. 9.

Each of three control units 102, 111, 121 is composed
of a microcomputer, a programmable ROM, a data
memory, a communication circuit, etc. and serves as a
control circuit for controlling the scanner 1, the con-
troller 2 and the printer 3. The control unit 102 is con-
nected to the control unit 111 by a communication line
and the control unit 111 is in turn connected to the

35

control unit 121 by another communication line, so that

the control units 102, 121 are operated according to the
instructions from the control unit 111, using a master/-
slave mode.

The control unit 111 operates according to the input
instructions from the operation board 10 and the digi-
tizer 114 when the image recording apparatus works as
a color copying machine.

The operation board 10 comprises, as shown in FIG.
6, c.g., a hquid crystal display (LCD) indicator 84, and

an operable-on-touch panel 85 of a transparent elec-

trode disposed on the surface of the LCD indicator 84.
Thus with the operation board 10, it is possible to make

a selected instruction among an instruction regarding

color, an instruction regarding editing operation, etc.
Further, operation keys, which are high-frequency in

45
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‘The control unit 111 also controls an ordmary paral-
lel interface control circuit of e.g. IEEE-488, namely,
GP-IB interface, and the interface control unit 112 so
that the image data between external apparatuses can be
inputted and outputted via this interface and so that the
remote control by the external apparatuscs can be per-

_formed via the interface.

The control unit 111 further controls a multivalue
synthesis unit 106, an image processing unit 107, a binar-
ization processing unit 108, a binary value synthesis unit
109 and a buffer memory 110.

The control unit 102 controls a drive unit 105 for

“driving and controlling the mechanism of the scanner 1,

an exposure control unit 103 for controlling the expo-
sure of a lamp when reading out the reflected image of
the onginal, and another exposure control unit 104 for
controlling the exposure of a halogen lamp 90 when
using a projector. The control unit 102 also controls an
analog s:gnal processing unit 100 for various image
processmgs and an input image processing unit 101.
The control unit 121 controls a drive unit 122 for
driving and controlling the mechanism of the printer 3,

‘and a synchronization delay memory 115 for absorbing

widely varying time of operation of the mechanism of
the printer 3 and for correcting any delay due to the
arrangement of the mechanism of the recording heads
117-120.

‘The successive image processing blocks of FIG. 9
will now be described.

The mmage formed on the CCD 16 is converted into
analog signals by the CCD 16. The converted image
information is processed serially in the order of red,
green and blue and is then inputted to an analog signal
processing unit 100. In the analog signal processing unit
100, after sampling and holding, correcting a dark level
and controlling the dynamic range for each and every
color, i.e., red, green, blue, an analog-digital conversion
(A/D convcrsion) 1s made so as to convert the image
31gnals into a series multivalue (8 bits length for each
color in the illustrated embodiment) and has dlgltal
image 51gnals to output the latter to the input image
proccssmg unit 101.

~In the input magc processing umt 101, ncccssary
correction processings such as CCD correction and y
correction for the read-out system are likewise made
with maintaining the serial multivalue dlgital image

- signals.

A multivalue synthesis unit 106 of the controllcr 2
includes a circuit block for processing selection and
synthesis of the serial multivalue digital image signals
sent from the scanner 1 and of the serial multivalue
digital image signals sent via the parallel interface (1/F).

- The selected and synthesized image data are sent to the -

35

use, such as a start key 87 for instructing the initiation of

copying operation, a stop key 88 for instructing the
termination of copying operation, a reset key 89 for
returning the operation mode to a standard or reference

state, and a projector key 86 for selecting a projector,

are provided separately and independently.

The digitizer 114 is adapted to input necessary posi-
tional information for various processings such as trim-
ming and masking and may be used optionally when a
- complex or sophisticated editing is required.

60

image processing unit 107, with maintaining the serial
multivalue digital i image signals.

The image processing unit 107 is a circuit for smooth-
ing, edge cmphasmng and black extracting and also for
masking proccssmg for color correction of recording
ink used in the recordmg heads 117-120. The serial

multivalue digital image signal outputs are respectively

- inputted to the binarization processing unit 108 and the

buffer memory 110.
‘The binarization processing unit 108 is a circuit for

‘binarizing serial multivalue digital image signals and is
65

capable of selecting either a simple binary value by a
fixed slice level or a preliminary intermediate process-
ing by a dither method. In the binarization processing
unit 108, serial multivalue digital image signals are con-
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verted into four-color binary value parallel image sig-
nals; four-color image data and three-color image data
are transferred to the binary value synthesis unit 109
and the buffer memory 110, respectively.

The binary value synthesis unit 109 is a circuit for
selecting either a three-color binary value parallel
image signal transferred from the buffer memory 110 or
a four-color binary value parallel image signal trans-
ferred from the binary value processing unit 108 and for
synthesizing these signals into a four-color binary value
parallel image signal.

The buffer memory 110 is a memory for inputting and
outputting a multivalue image and a binary value image
via a parallel interface (1/F) and is capable of storing
the image data for three colors.

The synchronization delay memory 115 of the printer
3 is a circuit for absorbing widely varying time of the
~ operation of the mechanism of the printer 3 and also for
correcting any delay due to the structural arrangement
of the recording heads 117-120. In the interior of the
synchronization delay memory 118, necessary timing to
drive the recording heads 117-120 is also produced.

A head driver 116 is an analog drive circuit for driv-
ing the recording head 117-120 and for producing in the
interior a signal capable of directly driving the record-
ing heads 117-120. |

The four recording heads 117, 118, 119, 120 eject
cyan ink, magenta ink, yellow ink and black ink, respec-
tively, to record an image on the recording paper.

The 1mage timing between the circuit blocks of FIG.
9 will now be described with reference to FIG. 10.

A signal BVE is a signal indicating an effective image
section per scan of the main scan reading operation
discussed above in connection with FIG. §. The signal
BVE is repeatedly outputted to cover the entire surface
of the original.

This signal VE 1is a signal indicating an effective
image section per scan as read out by the CCD 16. Only
a signal VE when the signal BVE is effective is effec-

- tive.

A signal VCK 1s a clock signal for delivering image
data VD. The signals BVE and VE also vary in syn-
chronism with this signal VCK.

A signal HS is a signal to be used if the signal VE
repeats discrete effective and ineffective image sections
while the signal VE is being outputted for a single line
of scan. This signal HS is thus unnecessary if the signal
VE 1s continuously effective while being outputted for
a single hine of scan; that 1s, the signal HS is a signal
indicating the start of an image output for a single line of
scarn.

The general signal processing in the image processing
unit will now be described with reference to FIG. 11.

The image data to be serially (in a specified order)
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where Y, M, C stand for input data and Y', M', C’ stand
for output data. |

These nine coefficients are determined according to
masking control signals from a control unit 200. Thus in
the masking unit 202 any impurity or unclearness of ink
1s corrected.

Describing only Yg data with reference to FIG. 14,
a11Yo, 221 Yo, 831Y0, 0 are obtained respectively in this

a]] 412 413

a] a2 a3
ait @32 a4

~order.

Subsequently, as summing operation is made by an
adder 223, the above-mentioned arithmetical operation
for masking 1s executed to output in the order of colors.

The black extraction unit 204 will now be described
with reference to FIG. 15. The input image data are
inputted in the order of Y, M, C, a (empty). In the case
of 8 bits image data, data of a are corrected so as to be
FFH in terms of hexagonal indication (H). The image
data in the order of colors are inputted to a comparator
224 and a flip-flop 225. When the data (FFH) of a are
inputted, the flip-flop 225 forcedly holds the data. Then
the data held in the flip-flop 228 and the image input
data are compared serially. )

Only when the input data are larger than the data
held by the flip-flop 22§, a latch pulse 1s transferred
from a latch timing generator 227 to the flip-flop 22§
according to a signal from the comparator 224 to hold
the input image data. When the image data for a single
pixel (Y, M, C) are compared, the minimum image data
of Y, M, C are held in the flip-flop 226. Thus with main-
taining the image data in the order of colors, the mini-
mum value of Y, M, C is extracted, namely, black ex-
traction 1s made to output such extracted black data.

The signals processed in the masking unit 202 are
inputted to the selector 203 and the UCR unit 205. To
the selector 203, the input image data, and the image
data outputted from the masking unit 202 are inputted.

In the selector 203, the input image data are selected
normally according to a selector control signal 1 trans-
ferred from the control unit 200. If color correction in
the input system 1s incomplete, the image data outputted
from the masking unit 202 are selected and outputted
according to the control signal 1. The serial image data

0 outputted from the selector 203 are inputted to the

35

inputted (hereinafter called “input image data”) to the

image processing unit 107 in FIG. 9 are transferred to a
serial-parallel converter 201 shown in FIG. 11 where
the input image data are converted into parallel signals
of yellow Y, magenta M and cyan C. Then these paral-
lel signals are transferred to a masking unit 202 and a
selector 203.

The masking unit 202 is a circuit for correcting any

impurity or unclearness of color of output ink. In this

masking unit 202, the following arithmetical operation
1s executed by using multiplication table RAMs 220-222
shown in FIG. 13.

60

635

black extraction unit 204. In order that the minimum
value of Y, M, C1n a single image pixel is black data, the
black extraction unit 204 detects the minimum value of
Y, M, C, as described above in connection with FIG.
15. The thus detected black data are inputted to the
UCR unit 208.

In the UCR unit 205, the black data extracted from
each signal of Y, M, C are subtracted. The black data
are merely multiplied by a coefficient. After a time
difference between the black data inputted to the UCR
unit 205 and the image data transferred from the mask-
ing unit 202, the following arithmetical operation is
executed.

Y=Y—a1Bk

M =M—a3Bk
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C=C—a31Bk

Bk =a4Bk

where Y, M, C, Bk stand for input data of the extraction
unit and Y', M’, C’, Bk’ stand for output data of the
extraction unit. The coefficients (ai, a3, a3, ay) are deter-
mined according to the UCR control signals transferred
from the control unit 200.

The UCR unit 205 will now be described with refer-
ence to FIG. 16. Black data enter a coefficient multipli-
cation table RAM 228. Color discriminating color mode
signals from the control unit 200 are also inputted to the

coefficient multiplication table RAM 228. While a sin-
glei image pixel of black data is being inputted, the color

mode 1s changed to Y, M, C, Bk. According to this

color information, the tables of coefficients are changed

over depending on the individual colors so that the
coefficient multiplication is made independently for
each color. In the subtracter 229, the black data multi-
plication by the coefficient are subtracted from the
image data transferred in the order of colors and are
then outputted.

Subsequently the data outputted from the UCR unit
205 are inputted to a 7y offset unit 206. -
- In the Y offset unit 206, the following graduation
corrcctlon is made.

Y =b(Y-C})
M =b)(M—C)
C =b3(C=C3)

Bk'=bey(Bk —Cy)

where Y, M, C, Bk stand for input data of vy offset unit,
and Y', M', C', Bk’ stand for output data of y offset unit.
The coefficients (b; —bg, C1—C4) in the above equa-
tions are determined according to the vy offset control
signals transferred from the control unit 200.
- The signals graduation-corrected in the vy offset unit
206 are inputted to a line buffer 207 in which the image
data corresponding to N lines may be stored. In the line

buffer 207, a memory control signal transferred from

the control unit 200 is smoothed, and the data of five
lines necessary for the edge emphasis unit 208 are out-
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the filter should not be limited to this illustrated exam-
ple according to the present invention. The thus de-
layed image data are inputted to the adder 235 and are
summed therein, whereupon the image data are table-
converted into 1/25 by a subtracter RAM 236 and are
outputted therefrom. An edge signal, as defined by the
difference between the objective pixel data and the
smoothed signal, is added to the objcctwe pixel data to
cause an edge cmphas:s

The 1mage data outputtcd from the smoothmg/cdge

‘emphasis unit 208 is inputted to a color converter 209
and is color-converted according to a color-conversion

contro! signal from the control unit 200. In a digitizer
114 of FIG. 9, the color to convert, the color to be
converted, and the region in which the signal is effec-

tive, are inputted in advance, whcrcupon the image data

are converted by the color conversion unit 209 accord-

' ‘ing to such inputted data. In the illustrated embodiment,
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the detailed description of the mlor conversion unit 209
is omitted for clarity. The image signal outputted from
the smoothing/edge emphasis unit 208 and the color-

~converted image signal are inputted to a selector 210

where the image data to be outputted are selected ac-
cording to a selector control signal 2. The image data to
be selected 1s determined by dﬁlgnatmg an effective
region inputted by the digitizer 114. The image signals
selected by the selector 210 is inputted to the. buffer
memory 110 and the binarization processing unit 108, as
shown in FIG. 9.

The description of the systcm to be inputted to the
buffer memory 110 is omitted here for clarity.

The binarization processing unit 108 will now be
described. The image data to be inputted to the binariza-

tion processing unit 108 is inputted to a head correction
unit 211 (described below) of FIG. 11. The i image signal

~ density-corrected by the head correction unit 211 is

40

45

putted in five parallel lines. The signals for five lines are

inputted to a space filter with a varying filter size ac-
cording to a filter control signal from the control unit

200 and are smoothed and then edge-emphasized. In this

smoothing, any noise of the image is eliminated by de-
termining the density of an objective pixel by a mean

value between the objective pixel and peripheral pixels

as shown in FIG. 12.

50 .

The manner of smoothing will now be described with .

reference to FIG. 17.

The image data for each and every line are stored in
the line buffer 207 in the order of colors. Since the
filtering takes place in the area of 5 X § of the filter in the
illustrated embodiment, the image data in the order of
colors are outputted in five parallel lines. For example, 60
the five-line data in the order of colors, which data are
inputted as shown in FIG. 17, are summed by an adder

35

then inputted to the dither unit 212 by serial 8-bits in the
order of Y, M, C, Bk.

The dither unit 212 has a capacny such that six bits in

‘the main scanning direction and six bits in the sub-scan-

ning direction, or four bits in the main scanning direc-
tion and eight bits in the sub-scanning direction, may be

stored for each color. Accordingly the dither matrix

size and the dither threshold value in the dither matrix
are determined according to dither control mgna]s from
the control unit 200. While the dither circuit is opera-
tive, the image region signals of the line CCD1 in the
mechanical main scanning direction, and the image
video clock signals in the sub-scanning direction are

respectively counted to read out the dither threshold set
‘on the memory space. Further, this memory space is

changed over with Y, M, C, Bk serially to obtain a serial

dither threshold. Then, this threshold is inputted to a

comparator where the threshold is compared with the

image data inputted from the selector 210.

The output of the comparator is:

Image data> Threshold: 1

Image data=Threshold: 0. | | ‘
The dither will be described with rcfercncc to FIG.

- 18. The dither has a counter 237-240 for each color so

230 and are then delayed by flip-flops 231-234. The four

flip-flops 231-234 are connected in series so as to make
a delay by four pixels. With this arrangement, even if
the image data are inputted in the order of colors, filter-
ing can take place for each color. Although the filter

matnx 1s 55 in the illustrated embodiment, the size of

635

as to be changeable. The four-color counter values

(YD, MD, CD, BKD) are outputted by a parallel-serial

converter 241 to a dither RAM 242 in the order of YD,
MD, CD, BKD. In the dither RAM 242, the higher
address is changed over with the color information to
vary the dither threshold independently for each color.
Thus the dither threshold outputted from the dither
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RAM 242 in the order of colors is inputted to a compar-
ator 243. In the comparator 243, the image data trans-
ferred thereto in the order of colors and the dither
threshold in the order of colors are compared and bina-
rized and are then converted by the serial-paralle! con-
verston unit 212 to output a signal of the total four bits,
one bit for each of Y, M, C, Bk.

The binarized data are outputted, as the paraliel four-
bit data, by the serial-parallel conversion unit to the
buffer memory 110 of FIG. 9 and the binary value syn-
‘thesis unit 109,

The head correction unit 211 will now be described
with reference to FIG. 19. For preparation, a full-ejec-
tion all-over pattern is outputted by the printer, and the
scanner reads out this pattern to obtain image data.
Since the all-over pattern shows a different recording
characteristic for each element of the individual head,
the image data of the all-over pattern are written in a
RAM 255 via a buffer 256 for each element. Further, a
counter 253 produces an address according to the image
data to the RAM 255 via the selector 254. Thus the
image data of non-uniform density stored in the RAM
255 are addressed via the selector 254, and the ad-
dressed data are read out by a CPU 258 via a buffer 257.
Based on the read-out image data, the CPU 258 exe-
cutes the coeflicient arithmetical operation so as to
correct the non-uniform density. In the illustrated em-
bodiment, a correction coefficient for each element is

obtamned from the following equation.

where ai stands for correction coefficient and D1 stands
for density data of read-out image pixels of the all-over
pattern. |

Assuming that the actually inputted pixel data are
Dti, an arithmetical operation of Dti X ai is executed to
obtain the output pixel data. Alternatively, any other
arithmetical operation may be executed to make a cor-
rection.

The thus obtamed coefficient is written in an address
corresponding to each recording element of the correc-
tion RAM 251 via a selector 250 and a bidirectional
- buffer 252. For ordinary image read-out, the signals of
the counter 253 are selected by the selector 250 and are
inputted at the address of the correction RAM 251. The
input image data are allotted to the lower eight bits, the
address data corresponding to each recording element
of the head from the counter 253 are allotted to the
higher eight bits. As both the image data and the corre-
sponding address data from the counter 253 are inputted
to the correction RAM 251, the corrected image data
corresponding to the characteristic for each recording
element of the head can be obtained as the output of the
correction RAM 251. This output is inputted to the
dither unit 211 and is binarized and outputted. Both the
characteristic data of each recording element and the
correction coefficient data are memorized with respect
to the heads for all of Y, M, C, Bk.

Although RAM is used to make a correction in the
illustrated embodiment, the prechecked characteristic
of the multi-nozzle heads may be written such as in a
ROM. Further, of the prechecked characteristic of the
heads, only the correction coefficient may be wntteu in
ROM, RAM, etc.
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The recording heads are not limited to the illustrated
ink-jet heads, but they may be any other type such as
thermal heads.

According to the above-mentioned embodiment,
since any widely varying output density of the multi-
nozzle heads due to the non-stable characteristic of the
manufacturing process and of the material of the heads
are electrically corrected, it is possible to obtain a high-
quality and inexpensive image recording apparatus.

FI1G. 20 illustrates a modified head correction unit
211 according to a second embodiment. In the second
embodiment, all of 256 nozzles of the recording head 37
are used for both the magnified and equimultipled re-
cording. In the reduced, e.g. 4 recording, however, the
data read out by the CCD 16 are multiplied by a reduc-
ing rate of 3 to control the head so that the number of
effective pixels is reduced to half, namely, 128. Thus,
the magnified or equimultipled recording is performed
using all 256 nozzles of the head, while the reduced
recording is performed usmg only a half the total num-
ber of nozzles of the head, i.e. 128.

FIG. 20 is a block diagram of the modified head
correction unit 211. A counter 250" is an address
counter for producing an address of an extent-of-cor-
rection selection table ROM (hereinafter called “selec-
tion ROM”) 251'. The counter 250’ is a ten bits counter
for counting at least 1024 nozzles of total four heads,
each having 256 nozzles and is controlled by the signals
HS, VE. In the selection ROM 251', a selected value of
the correction amount of each nozzle of the head for
each color is written in the order of colors. A signal
H128 is a one-bit signal indicative of the number of the
used nozzles of the head; the signal is 0 in the case of the
magnified and equimultipled recording, and it is 1 in the
case of the reduced recording. The signal H128 is input-
ted at the address of correction ROM 253', together
with the output of the correction ROM 251’ and the
input picture signal VDin. In the correction ROM 253,
a correction curve is written to indicate as to which
nozzle’s data should be corrected and as to the extent to
which such nozzle’s data should be corrected depend-
ing on the density value. Accordingly, commensurate
with the level of H128 to be inputted, a correction value
corresponding to each density value of the individual

nozzle for each case of magnified, equimultipled and

reduced recording, is outputted. The correction value
outputted from the correction ROM 253’ is inputted in
the adder 256’ via a flip-flop 254'. The picture signal
VDin 1s also inputted in an adder 256" via a flip-flop
2585', and is synchronized by a flip-flop 257 and is out-
putted from the head correction unit 211’ as VDout.
This output is inputted to the dither unit 212’, is bina-
rized, and is recorded by the recording heads 37.

FIG. 21 illustrates a third embodiment partly similar
to the embodiment of FIG. 20. Therefore, in FIGS. 20
and 21, like reference numerals designate similar parts
having similar functions. The description of such similar
parts in connection with FIG. 21 is omitted here for
clarity. The method of changing the recording size in
this embodiment is similar to that of the first embodi-
ment, and its detailed description is also omitted here
for clarity.

In FIG. 21, ROMs 265'-268' are characteristic ROMs
in which characteristic information concerning non-
uniform density of 256 nozzles of the individual head
for each color C, M, Y, Bk is written. In the embodi-
ment of FIG. 21, as each head has 256 nozzles, data for
correcting non-untform density of the heads corre-
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sponding to the number of the nozzles are written in the
respective ROM 265'-268'. The digital image data are

inputted such that color component image data for each

pixel is inputted in the orderof Y, M, C,K, Y, M, C, K.
In the selection RAM 260’, the data taken from the
ROMs 265'-268' are stored to meet the order of the
mnputted image data. Designated by 268’ is a bidirec-

tional buffer for writing in the RAM 260’ the data taken

from the ROMs 265'-268'.

259’ designates a selector for selecting the lower ten
bits among the addresses of 16-bit address bus outputted
from the CPU 258’ or the output of ten bits of the
counter 250°. To write the data in the RAM 260’, the
selector 259’ selects the output of the CPU 258': to read

out the data from the RAM 260, the selector 259’ se-

lects the output of the counter 250'. 262’ designates a
correction RAM in which the data from the CPU 258’
may be written. The selector 261’ selects 16-bit address
from the CPU 288’ or the total 16 bits of the output from
an eight-bit flip-flop 252’ and eight bits of image data
input VDin, and inputs it in the correction RAM 262'.
In the correction RAM, the correction tables as indi-
cated in solid lines or dotted lines in FIG. 22 are written
from the CPU 258'. In FIG. 22 five correction tables
indicated in dotted lines are shown, but in practice there
are more correction tables.
solid lines or dotted lines 1-5 are selected according to
the data inputted in the correction RAM 262'. In other
words, if the selector 261’ selects the B side, the eight-
bit image data input VDin and the eight-bit non-uniform
- density correction data are inputted in the RAM 262’;
eight-bit non-uniform density correction data are used
to select the solid lines or dotted lines 1-5. The solid
lines indicate the data for the equimultipled recording,
and the dotted lines indicate the data for the magnified
or reduced recording. Depending upon the area of the

operative nozzles (of the head) in use, either the data of

dotted lines or the data of solid lines are written in the
correction RAM 262’ by the CPU 258'.

The tables are written in the correction RAM 262’ so
as to output the correction data AA in respect to the
input A. This correction data AA is once latched by the
flip-flop 254’ and is then summed with the input image
data A by the adder 256’ and is outputted as the cor-
rected data A-+AA via a flip-flop 257'.

The correction tables shown in FIG. 22 may be
curved lines rather than straight lines.
~ In the third embodiment, a cubical function is used as

a preferred example of the curve, and the amount of
correction of non-uniform density is within the range of

approximately +15%. Accordingly VDout may be
expressed in the following equation so as to satisfy the
following values.

VDout = aD%in + bD%n + ¢Din + d

{

{
-~

2.24 X 105 x N(N < 0)
~2.04 X 10~ x N(N Z 0)

L ]
L

—~333 X 104 X N(N < 0)
2.37 X 10—4% X NN Z 0)

1 + 0.006 X NN < 0)
1 — 0.0005 X MN = 0)
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15
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-continued
d=20

where Din, Dout and N stand for input density, output
density and amount of correction, respectively.
The mode of correcting Opcratlon of the embodiment

~of FIG. 21 will now be described.

- The power source of the apparatus is turned on, and
before a copying start key is depressed, the selectors
259°, 261’ respectively select the input at the A side.
Thereby, in the selection RAM 260, the data from the

‘ROMs 265'-268' are written in the orderof Y, M, C, K
of the input image data VDin. Also before the copy
start key is depressed, the correction tables of the dotted
‘hines or solid lines of FIG. 22 are written in the correc-

- tion RAM 262’ according to the preset rate of magmﬁ-

20

cation or reduction.

Thcn, as the copying start key is dcprasscd to start
copying, the output of the CPU 258’ is inputted to the
selectors 259, 261’ at the B side, namc]y, the image
control side.

When the plcture signal VDin inputted from the

- CCD 1s inputted in the head correction 211, the address

25

The correction tables of

outputted by the counter 250 is inputted in the address
of the selection RAM 260’ via the selector 259’ so that
the selection data for the individual color is inputted in

- the selector 261’ via the flip-flop 252". In the selector

30

261’, the eight-bit input picture signal VDin is inputted
as low level, and the output of eight bits of the selection
RAM 260’ i1s inputted as high level, both being inputted
in the address A of the correction RAM 262'. Subse-

~ quently, the correction value commensurate with the
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above equation is inputted in the adder 256’ via the
flip-flop 254'. The picture signal VDin also inputted in
the adder 256’ via the flip-flop 255’ and is summed with
the correction value to realize the above-mentioned
equation. To this end, the plcturc signal is outputted as
VDout from the head correction unit 211’ via the flip-

y flop 257'. This output is inputted in the dither unit 212,
1s binarized and is recorded by the recording heads 37.

- In the embodiment of FIG. 21, the correction ROMs
265'-268' are provided one for each head Y, M, C, K.
Even when any one of the heads Y, M, C, K was re-
placed with new one, it is convenient that a ROM cor-
responding to the replaced head be merely replaced,
unlike the embodiment of FIG. 19. Partly because the

‘selection RAM 260’ and the correction RAM 262’ are

provided independently of each other, and partly be-
cause the correction RAM 262’ is-rewri_ttcn according
to the area of the operative nozzles, it is possible to
change the rate of magnification or re:ductlon simply by
rewriting the correction RAM 262'.

“According to the embodiments of FIGS. 20 and 21,
partly because non-uniform output density of the indi-
vidual head is electrically corrected, and partly because
the input image data can be corrected according to the
information determining the area of the Opcratwc noz-
zles, it is possible to obtain an excellent image with
uniform density, irrespective of the effective area of the
nozzles.

Further, with the circuit of the cmbodunents of

" FIGS. 20 and 21, since non-uniform density can be

65

corrected in the order of colors without any additional
circuit, a high-quality and inexpensive image recording
apparatus can be guaranteed.

In these illustrated embodiments, the present inven-
tion is applied to an apparatus in which the area of the
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operative nozzles is varied according to the rate of
magnification or reduction. The present invention may
also be applicable to any other apparatus in which a
multiplicity of nozzles can be selectively operative in a
desired pattern of areas.

Although only the ink-jet recording method is used in
the illustrated embodiments, the recording head may be
any other multi-nozzle heads or even any other type
such as a heat transfer recording method.

According to the present invention, since the correct-
ing characteristic of the correcting means is varied
according to the operative areas of the multi-nozzle
heads, it is possible to obtain an excellent quality image
with uniform density.

FIG. 23 illustrates still another modification of the
head correction unit 211 of FIG. 20. In this embodi-
ment, since each recording head 37 has 256 nozzles,
recording can be made on the recording paper progres-
sively by a unit of 256-nozzle (about 16 mm). Therefore,
when recording on the final or bottom line, it is neces-
sary to make a record less than 16 mm and, for this
purpose, the number of nozzles to be used is regulated
by a unit of 1 mm. With a four-bit signal NS regulating
the number of nozzles being used, it is possible to give a
preset value for the number of nozzles.

In a selection ROM 251", a selected value of the
correction for the individual nozzles of the heads is
written in the order of colors, namely, C, M, Y, Bk. The
signal NS is inputted in the nozzle selection table ROM
270" (heremnafter called “nozzle selection ROM”) to-
gether with the selection ROM 251”. The nozzle selec-
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tion ROM 270" 1s a table ROM for controlling the

amount of correction according to the area of nozzles,
and m the illustrated embodiment, adjustment is possi-
ble in a unit of 1 mm from the upper end of the record-
ing paper. In the nozzle selection ROM 270", data for
reselecting the correction curve by the selection ROM
251" according to the effective area of the nozzles, are
written. The output of the nozzle selection ROM 270" is
mputted to the address of the correction ROM 253" via
the flip-flop 252". In the correction ROM 253", a cor-
rection curve is written indicative as to which nozzles
should be corrected and as to what degrees the density
should be corrected. The selection ROM 2514" and the
nozzle selection ROM 270" jointly corrects the density
value for each color.

As indicated by dotted lines in FIG. 21, the CPU 258’
can make a discrimination as to the paper size preset by
the operation board 10 so that before the copying start
key i1s depressed, a correction table of dotted lines or
solid lines in FIG. 22 is written in the correction RAM
262’ according to the paper size preset by the operation
board 10. .

As the copying start key is depressed, the copying
operation as discussed in FIG. 21 is initiated.

Particularly in the present embodiment, while the
printer carriage 34 is returned upon completion of re-
cording of a single line, the CPU 258’ with the selectors
259, 261’ discriminates the number of nozzles to be used
in the next recording scan and rewrites the correction
data of the correction RAM 262'. This is, if the record-
ing of the next scan uses all the 256 nozzles, the CPU
258’ discriminates the correction data of solid lines of
FIG. 3 for each and every scan to write the resuit of the
discnimination in the correction RAM. If the next scan
is the last line, the CPU 258’ discriminates the correc-
tion data of dotted lines to write the result of the dis-
crimination in the correction RAM.
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In the foregoing embodiments, the heads each having
256 nozzles are used. Alternatively, for example, a full-
multi-head having a nozzle of a width equal to the effec-
tive printing width of a recording paper may be used.
For example, if the head has a nozzle of a length (297
mm) corresponding to the effective printing width of an
Ad4-size recording paper, the present invention can be
applied to the illustrated embodiments because the num-
ber of the nozzles varies for a recording paper smaller
than A4 size.

Further, in some input images for a single head, there
are portions where constant density data are printed and
portions where nothing is printed, even in which event
it is possible to prevent non-uniform printing by making
an alternative selection on the correction curve, thus
causing a high-quality image.

Although various minor modifications may be sug-
gested by those versed in the art, it should be under-
stood that we wish to embody within the scope of the
patent granted hereon, all such embodiments as reason-
ably and properly come within the scope of our contri-
bution to the art.

What 1s claimed 1s:

1. An image recording device comprising:

a plurality of recording elements for forming an
image in accordance with an input half-tone image
signal, wherein said plurality of recording elements
record in a same color; and

a plurality of y-converting means for y-converting
the input image signal, wherein said plurality of
v-converting means are provided correspondingly
to said plurality of recording elements which re-
cord in the same color.

2. An image recording device according to claim 1,
wherein said y-converting means include a look up
table.

3. An image recording device according to claim 1,
wherein each of said plurality of recording elements
comprises an ink jet recording element.

4. An image recording device according to claim 1,
further comprising means for generating the input
image signal. o

5. An image recording device according to claim 4,
wherein said generating means includes a scanner for
converting an original image into the input image sig-
nal.

6. An 1image recording device according to claim 3,
wherein said ink jet recording elements eject liquid
drops by film-boiling due to heat energy.

7. An image recording apparatus comprising:

a plurality of recording elements for forming a half-
tone image in accordance with an input half-tone
image signal, said plurality of recording elements
for recording in a same color;

a plurality of y-converting means for y-converting
the input half-tone image signal, wherein said plu-
rality of y-converting means are provided corre-
spondingly to each of said plurality of recording
elements; and

means for half-tone processing the input half-tone
image signal y-converted by said plurality of +y-
converting means and for outputting a signal for
driving said plurality of recording elements.

8. An image recording apparatus according to claim

7, wherein said y-converting means include a look up
table.
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9. An image recording apparatus according to claim
7, wherein each of said plurality of recording elements
comprises an ink jet recording element.

- 10. An imagé recording apparatus according to claim
7, further comprising means for generating the input
image signal.

11. An image recording apparatus accofding to claim
10, wherein said generating means includes a scanner

20

for converting an original image into the input image
signal. | |

12. An image recording apparatus according to claim
9, wherein said ink jet recording elements eject liquid

5. drops by film-boiling due to heat energy.

10

15

20

25

30

5

45

50

55

635

13. An image recording apparatus according to claim
7, wherein said half-tone processing means includes
binarizing means for binarizing said half-tone image
signal y-converted by said plurality of y-converting

means.
| * & % % %
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